may be flustered as to what happened or "shocked." That being said, family members as well as the responding paramedics or any other witnesses to the loss of consciousness can potentially provide valuable information. How and where was the patient found? Was there an abrupt loss of consciousness that may indicate a vascular disorder or was the loss of consciousness preceded by several days of worsening confusion, such as might be seen in a metabolic disorder or an evolving intracranial mass? Were there empty pill or alcohol bottles around the patient that may suggest intoxication? The circumstances surrounding the discovery of the patient can provide valuable clues, but they should be taken in context of the wider clinical picture.
Family members can be especially helpful in providing information about the patient's medical history and allergies. Did the patient have a history of cardiac or vascular disease, which may increase your suspicion for an ischemic event or arrhythmia? What medications was the patient taking and were they actually taking their medications as prescribed? Was the patient taking any herbal supplements that may have interacted with their other medications? Is there a past psychiatric history, including prior suicide attempts or alcohol or drug abuse? Has the patient experienced events in the past similar to the current event?
In addition to past medical history, the recent medical history can provide important clues and can be gleaned from family members. Had the patient complained of headache or fever in the days prior to the event, which may imply an infectious etiology? Was there any confusion or difficulties with speech or language in the preceding days? Regardless of the information obtained in the history, the physical examination, including both a general and a neurologic examination, is key in refining the differential diagnosis and focusing further testing and potential treatment. Before a neurologic examination is performed, it is helpful to have a good understanding of the major causes of coma. A summary is shown in ►Table 2.
The Physical Examination

General Considerations
The examination of any unresponsive patient should begin with an assessment of vital signs. Not only does this allow for evaluation of the stability of the patient, it may also provide clues to the etiology of the patient's unresponsiveness. For instance, while hyperthermia can be seen in midbrain or pontine hemorrhages, infection and various drug overdoses including cocaine, tricyclic antidepressants, and salicylate intoxication can also lead to elevated temperature, whereas hypothermia is seen with alcohol intoxication or an overdose of barbiturates. Similarly, hypertension can be seen secondary to increased intracranial pressure, but can also be indicative of posterior reversible encephalopathy syndrome (PRES) or amphetamine overdose. Hypotension can point toward sepsis or progression to brain death.
One commonly overlooked examination finding is the patient's respiratory pattern. Although commonly difficult to observe because of mechanical ventilation, a spontaneous ventilator mode can be used to assess the patient's intrinsic breathing pattern. It should be noted, however, that the value of these patterns in localizing a lesion is not firmly established. Cheyne-Stokes respirations can be seen with heart failure or in any form of reduced responsiveness and is therefore poorly localizing. 5, 6 Cluster breathing as well as The general skin appearance and any unusual odors emanating from the patient should also be noted. Are there signs of trauma, such as a Battle sign (bruising of the mastoid bone) or raccoon eyes (periorbial ecchymosis), which may each suggest skull base fractures? Dry skin can signify barbiturate intoxication (a rare intoxication these days), while diaphoresis can imply hypoglycemia or cholinergic toxicity. The classic foul breaths are also occasionally helpful and include a "dirty toilet" odor with uremia, a "fruity sweat" odor with ketoacidosis, the "fishy" odor with acute hepatic failure, an "onion" odor secondary to paraldehyde, and a "garlic" odor from organophosphates. ►Table 4 summarizes the general examination findings and their potential implications.
The Neurologic Examination
Coma Scales
The primary goal of the neurologic examination in an unresponsive patient is to localize the lesion and thereby narrow the differential diagnosis. The examination should proceed in a stepwise fashion and be familiar to the neurologist because of constant repetition.
In the process of the comprehensive neurologic examination, the depth of coma should be determined using a coma scale. The Glasgow Coma Scale (GCS) is the most common of such scales. Originally developed for victims of traumatic head injury in 1974 and revised in 1976, it consists of three parts: eye movement, best motor response, and best verbal The Acutely Comatose Patient: Clinical Approach and Diagnosis Moore, Wijdicksresponse (►Table 5).
12,13 Each component is graded on a scale from 1 to 6 and the summation of the scores is used to communicate the depth of coma. Although not useful in the diagnosis of coma, the GCS has been shown to have acceptable interobserver reliability through a wide range of trained providers as well as predictive value for outcomes in tuberculous meningitis, subarachnoid hemorrhage, subdural hematoma, and survivors of cardiac arrest. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] However, the GCS does not account for the presence or absence of brainstem reflexes and may not detect subtle changes in the neurologic examination, findings that could be instrumental in determining a patient's prognosis.
To address the shortcomings of the GCS, the Full Outline of UnResponsiveness (FOUR) score was developed. This coma score includes four components-eye, motor, brainstem, and respiratory-that are each graded on a scale from 0 to 4, producing a maximum combined total score of 16 (►Fig. 1). 27, 28 With an equal to higher interrater reliability than the GCS, as well as validation in multiple patient populations, the FOUR score has proven to be an important tool in the evaluation of comatose patients. 27,29-37 Perhaps because of its greater emphasis on brainstem reflexes and respiratory patterns, the FOUR score has also been shown to have greater predictive value in terms of eventual progression toward more severe injury, especially in patients with low GCS scores or the ubiquitous GCS score of 3T, which is commonly reported by paramedics following intubation in the field after sedatives and paralytics have been given.
38
Cranial Nerves
The formal neurologic evaluation of an unresponsive patient typically begins with the cranial nerves. Pupil size as well as position should be examined. Small or pinpoint pupils (< 2 mm) that are minimally or unreactive to light could be secondary to a pontine lesion that interrupts descending sympathetic outflow. The most commonly known cause of small pupils is prior use of opioids (on the street, heroin; while in the hospital, it is patient-controlled analgesia pumps or opioid patches). Dilated (> 8 mm) pupils are due to disruption of cranial nerve (CN) III secondary to either a mesencephalic injury or a lesion of the peripheral nerve. Drugs and other toxins such as amphetamines or lidocaine can also result in dilated pupils and must be excluded through the patient's history and laboratory testing. Midsize, lightfixed pupils are seen in severe midbrain lesions that can be secondary to herniation and are frequently the first sign of loss of all brainstem reflexes (brain death).
In addition to pupil size and reactivity, any deviation of one or both eyes should also be noted. Spontaneous eye movements including "ping-pong" eyes or ocular dipping generally indicate bihemispheric dysfunction. Ocular bobbing, described as a rapid downward deviation of the eyes followed by a slow upward movement, typically implies a pontine lesion. Bihemispheric dysfunction can also lead to the classic "roving eye movements," though metabolic processes and various toxicities can cause this as well. Rather than supporting a particular localization or disease process, roving eye movements indicate that the brainstem is relatively intact. See ►Table 6 for a summary of eye movement abnormalities in coma.
Tonic deviation of the eyes, typically in the horizontal plane, may indicate an ipsilateral hemispheric lesion affecting the frontal eye fields or a contralateral pontine lesion. Differentiation between a hemispheric lesion and a pontine lesion can be difficult in comatose patients as a hemiparesis is typically not apparent. However, the oculocephalic maneuver will be able to overcome a gaze preference from a cortical lesion as the pontine and midbrain structures responsible for the reflex remain intact. Horizontal deviation can also be seen in nonconvulsive status epilepticus and may be one of the few signs to indicate the need for an emergent electroencephalogram (EEG). Skew deviation implies a brainstem injury.
A funduscopic examination should also be performed once the external examination of the eyes has been completed. Vitreous hemorrhage, often subhyaloid in location, can be indicative of subarachnoid hemorrhage, so-called Terson syndrome, or even intracranial hemorrhage. 39 Funduscopy may also reveal the presence of papilledema. Though often cited as a manifestation of acutely increased intracranial pressure in subarachnoid hemorrhage or acute meningitis, papilledema is more commonly seen with slowly progressive processes such as an enlarging intracranial mass.
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Further testing of the cranial nerves is accomplished through the various reflexes including the corneal, gag, and The
This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. cough reflexes. Dysfunction of any of these reflexes implies a lesion involving the cranial nerves involved or the pathways connecting them. The oculocephalic reflex deserves special mention as several brainstem structures are assessed simultaneously. In a patient with a normally functioning brainstem, eyes will move in a direction opposite the head movement and appear to remain fixated on a point in space (much like a doll's eyes). If a lesion disrupts any of the structures or pathways involved in the reflex, including CNs III, IV, and VI and the medial longitudinal fasciculus, the eyes will move along with the head, remaining in midposition with respect to the bony orbits.
Motor Responses
Testing of the motor system in an unresponsive patient typically involves applying a noxious stimulus to the This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
supraorbital nerve, the nail bed, or the temporomandibular joint and assessing the patient's reaction. 43 Possible responses include a localizing response, in which the patient reaches toward the stimulus, reflexive responses such as decorticate or decerebrate posturing, or no response at all. Decorticate posturing involves a slow flexion of the elbow, wrist, and fingers, whereas decerebrate posturing is defined as adduction and internal rotation of the shoulder with arm extension and wrist pronation. Although posturing reflexes have purportedly been useful in lesion localization, these responses can be seen with either focal lesions or global conditions affecting the nervous system. 44, 45 It is also not uncommon for both responses to be present in the same patient at the same time.
11 Given this, the presence of decerebrate or decorticate posturing has relatively little utility in prognostication until the underlying etiology is found. In addition to movements in response to stimulation, spontaneous movements can also be seen in unresponsive patients, the classic example being generalized myoclonus. Although a predictor of an extremely poor outcome following cardiac arrest and resulting anoxic ischemic injury, generalized myoclonus can also be seen with various intoxications including lithium, cephalosporins, and pesticides.
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Initial Approach to the Unresponsive Patient
Neuroimaging Unfortunately, many unresponsive or comatose patients lack true localizing features on examination; in such instances, further testing with neuroimaging and laboratory evaluation may help in determining the underlying etiology. Even in a patient whose examination allows the neurologist to localize the lesion, imaging and laboratory investigation continue to play a key role. For instance, the examination may suggest a lesion involving the midbrain, but the lesion can be a stroke or a mass.
At most institutions, the computed tomography (CT) scan is the fastest and most readily available imaging modality. In the evaluation of an unresponsive patient, CT scans are excellent at detecting hydrocephalus or intracranial hemorrhage, with a sensitivity and specificity approaching 100% in conditions such as acute (< 12 h since onset) subarachnoid hemorrhage. 49, 50 Computed tomography scans are also useful in the detection of edema, though the underlying cause of the edema may be elusive. Limitations of CT include poor visualization of the posterior fossa secondary to bone artifact, as well as reduced anatomical differentiation in comparison to magnetic resonance imaging (MRI) that may not allow precise etiological determination. Magnetic resonance imaging scans allow greater definition of cortical and subcortical structures and may show cortical injury, laminar necrosis, or white matter disease that is not apparent on a CT scan. Magnetic resonance angiography allows for excellent visualization of the arterial system and is the preferred method for visualization of suspected acute basilar artery occlusion; 51, 52 however, this may not be possible at all institutions; in such instances, CT angiogram or conventional angiography can allow for rapid visualization of the arterial system. The major drawbacks of MRI scans include accessibility, cost, and time necessary to complete the scan. Frequent abnormalities on brain imaging in a comatose patient are presented in ►Table 7 along with possible underlying etiologies for the findings.
Laboratory and Ancillary Investigations
Laboratory evaluation plays a prominent role in the evaluation of an acute unresponsive patient and can often lead to a relatively rapid diagnosis of any acute metabolic abnormality (►Table 8). As part of the initial workup of any unresponsive patient, the following laboratories are essential: hematocrit, full blood count with differential, platelet count, and peripheral blood smear; full electrolyte panel including calcium, magnesium, and phosphorus in addition to the conventional sodium and potassium; creatinine and blood urea nitrogen; liver function tests including aspartate aminotransferase blood test (AST), alanine aminotransferase blood test (ALT), bilirubin, and ammonia; serum and urine osmolality; arterial blood gases; thyroid function tests; and urinalysis. Further testing should be tailored to the clinical history, physical examination, and imaging. For instance, urine and blood drug screens should be obtained if any toxicity is suspected. In patients who present with fever and/or an elevated white blood cell count, blood cultures are a necessity. Troponins should be obtained if there is any suspicion of an acute cardiac pathology.
It is important to calculate the anion and osmolar gaps as these can aid in diagnosis of an acute intoxication. Anion gap
A normal anion gap is between 11 and 13 mEq/l and increases in the presence of unmeasured anions, such as in methanol, ethanol, paraldehyde, and salicylate intoxications. Osmol gap
A difference between the calculated and measured osmolality greater than 10 mosmol/l can indicate intoxication with atypical alcohols including methanol, ethylene glycol, and isopropyl glycol. Although more invasive, a lumbar puncture (LP) should be performed in all unresponsive patients with either signs or symptoms of infection or meningeal irritation or when the CT scan is normal and no explanation exists for the decreased responsiveness. Tests that should be included on evaluation of the cerebrospinal fluid (CSF) include an opening pressure, CSF visual description, protein and glucose content, cellular evaluation including white blood cells and erythrocytes, bacterial culture, India ink stain and cryptococcal antigen, and viral titers and polymerase chain reactions. A CT or MRI scan would ideally precede an LP to exclude an epidural empyema that may cause further shift after LP.
The role of an urgent EEG in an unresponsive patient is somewhat limited with the exception of nonconvulsive status epilepticus. Nonconvulsive status epilepticus should be suspected in any patient with a history of seizures who becomes acutely unresponsive, but can also be considered in otherwise unexplained cases of acute unresponsiveness. Physical examination of a patient in nonconvulsive status epilepticus is commonly nonspecific, but may reveal altered mental status ranging from confused to comatose, subtle myoclonic movements in an extremity, or eye deviation. 54 The classic role of EEG in the diagnosis of herpes simplex encephalitis has mostly been supplanted by MRI and CSF studies, and although generalized slowing and triphasic waves can be seen on EEG with structural and metabolic causes of unresponsiveness, the etiology is generally well established prior to the EEG.
An Exercise in Diagnosis
Two cases are presented. We have used a systematic approach as shown in ►Fig. 2 to illustrate its usefulness in clinical practice.
Case 1
A middle-aged man was brought into the emergency department after being found prone and unresponsive for an unknown period. Because of vomiting, tachypnea (respiratory rate of 28), with no protection of his airway, the patient was intubated in the field. No further history was available. The patient was afebrile. Blood pressure was 148/89 with a heart rate of 85. On physical examination, the patient appeared thin. Skin exam showed rare spider telangiectasias over the chest. The patient smelled faintly sweet. Neurologic examination revealed a comatose patient (GCS 3T, FOUR Score E0M0B4R3). The examination was otherwise nonlocalizing. The emergent CT scan was normal.
With a normal CT scan, the potential etiologies include toxic, epileptic, infectious, endocrine/metabolic, and anoxic/ ischemic. The emergent EEG was normal, ruling out status epilepticus. Routine laboratory investigation revealed a normal complete blood count including normal leukocyte count, which rules out infection assuming a normal immune system. Thyroid stimulating hormone and glucose were normal, ruling out the most common causes of endocrine/metabolic coma.
With all other possibilities ruled out, intoxication remains the most likely explanation for the patient's unresponsiveness. Electrolytes were normal except for slightly low calcium, mildly elevated AST and ALT with normal 
Case 2
A middle-aged man was brought into the emergency department after being found prone and unresponsive for an unknown period. Breathing was described as erratic with periods of apnea and the patient was intubated in the field. No further history was available. The patient was afebrile. Blood pressure and heart rate were stable and required no treatment. The Acutely Comatose Patient: Clinical Approach and Diagnosis Moore, Wijdicks 118
On physical examination, the patient was comatose (GCS 4T, FOUR Score E0M1B2R1). General examination was normal. Cranial nerve examination revealed a right pinpoint pupil that was reactive to light and a left midposition pupil that was unreactive to light. Corneal reflex was absent on the left. Cough and gag reflexes remained intact. Motor examination showed bilateral extensor posturing to painful stimuli. An emergent CT scan was normal.
Laboratory workup, including complete blood count, full electrolyte panel, liver function tests, arterial blood gases, and thyroid function test, was normal. Osmol and anion gaps were normal. Urine drug screen was negative.
Given the physical examination findings, the lesion localized to the brainstem, but was more diffuse (pontine pupil on the right and midbrain pupil on the left). With a normal CT scan and normal laboratory investigation, the lesion was likely the result of an embolus to the basilar artery. This was confirmed with a CT angiogram and resulted in urgent endovascular retrieval.
Conclusions
Following stabilization of the patient, the task of the neurologist is to interpret the information beginning with the history and physical examination and to order the appropriate tests. Important causes that should always be included in the differential of a patient who presents following sudden unresponsiveness are anoxic-ischemic injury, intoxication, central nervous infection, sudden metabolic derangement or endocrine crisis, nonconvulsive status epilepticus, embolus to the basilar artery, and, rarely, psychogenic.
Neuroimaging may help identify the underlying abnormality, just as a basic laboratory investigation that should include osmol and anion gap calculations.
Initial management of an unresponsive patient often starts before an etiology is clear, and is commonly based on clinical interpretation of the aforementioned tests. For instance, if a CT or MRI shows an acute structural lesion with mass effect, the first priority is to treat the intracranial pressure before the exact identity of the mass is known. In patients with potential infection, broad spectrum antibiotics, antivirals, and corticosteroids are started prior to identification of the infection.
